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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: ISAKSSON, Mikael, BENGTSSON, Daniel, SJOBERG, Frank, 
ODLING, Per, NILSSON, Rickard, BAHLENBERG, Gunnar, 
JOHANSSON, Magnus, OLSSON, Lennart and OKVIST, Goran 

Serial No . : Unassigned 

Filing Date: Herewith 

For: IMPROVEMENTS IN, OR RELATING TO VDSL 

Examiner: Unassigned 
Art Unit: Unassigned 

Box Patent Application 
Commissioner For Patents 
Washington, D.C. 20231 

AMENDMENT 

Sir/Madam: 

Prior to examination please amendment the above-identified application as follows: 

IN THE CLAIMS 
Claim 1, line 4, change "characterised in that" to —wherein-; 
Claim 2, lines 1 and 2, change "characterised in that" to —wherein--; 
Claim 3, lines 1 and 2, change "characterised in that" to —wherein--. 



4. (Amended) A telecommunications system, as claimed in [any previous] claim 
1_, [characterised in that] wherein said pulse shaped wings are in the form of a raised cosine 
pulse. 

5. (Amended) A telecommunications system, as claimed in [any previous] claim 
I, [characterised in that] wherein the same number of sub-carriers are used for transmission 
in the up stream direction as are used for transmission in the down stream direction. 

6. (Amended) A telecommunications system, as claimed in [any of claims 1 to 
4] claim 1 , [characterised in that] wherein a different number of sub-carriers are used for 
transmission in the up stream and down stream directions. 
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7. (Amended) A telecommunications system, as claimed in [any previous] claim 
h [characterised in that] wherein said transmitter comprises [an] a b-bit buffer and encoder 
for receiving an input bit stream at a rate of R bit/s, [a] an n-point IDFT processor for 
receiving an output from said b-bit buffer and encoder, extension means for adding a cyclic 
extension to an output of said IDFT processor, a pulse shaper for shaping a DMT symbol 
output from said extension means, and a digital to [analogue] analog converter and low pass 
filter for converting a DMT symbol received from said pulse shaper to [analogue] analog 
form and passing said DMT to a transmission channel. 

8. (Amended) A telecommunications system, as claimed in [any previous] claim 
U [characterised in that] wherein said receiver includes an [analogue] analog to digital 
converter for [digitising] digitizing a DMT symbol received from a transmission channel, a 
windov^ng unit connected to an output of said [analogue] analog to digital converter, a 
stripper unit for removing cyclic extensions to said DMT symbol, an n-point DFT processor 
for receiving an output from said stripper unit, a frequency domain [equalisation] 
equalization unit for receiving an output from said n-point DFT unit and decoder, and a b-bit 
buffer for receivmg an output from said frequency domain [equalisation] equalization unit 
and outputting a bit stream at R bit/s. 

9. (Amended) A modem for use in a transmission system as claimed in [any of 
claims 1-6] claim 1, [characterised in that] wherein said modem includes a transmitter as 
claimed in claim 7. 

10. (Amended) A modem as claimed in [claims] claim 9, [characterised in that] 
wherein said modem includes a receiver as claimed in claim 8. 

11. (Amended) A method in a telecommtinication system having at least two 

VDSL systems adapted to asynchronous transmit DTM-symbols between each pair of 

modems having at least two VDSL systems, each comprising a pair of modems, said at least 
476249.1 
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two VDSL systems belonging to a binder group common to both VDSL systems, 
[characterised by] comprising the steps of: 

- in a transmitter in a first modem in a pair of modems 

- cyclic extend a DTM-symbol by way of adding a prefix and a suffix; 

- pulse shaping side lobes of the cyclic extended DMT-symbol; 

- transmit the cyclic extended and pulse shaped DMT-symbol to a 
transmission channel; 

- and in a receiver in a second modem in the pair of modems 

- windowing the DTM-symbol which transmits on the 
[transmissionchannel] transmission chaimel by way of multiplying [i 
samples at the beginning and end of a block of 2N-f-|i samples; folding and 
adding |i/2 samples from the beginning of the 2N+|a block of samples to 
the end of the 2N remaining samples; and folding and adding |a/2 samples 
from the end of the 2N+|a block of samples to the beginning of the 2N 
remaining samples, and removing said cyclic extension from a DTM- 
symbol. 

12. (Amended) A method, as claimed in claim 11 [characterised by] fiirther 
comprising adding a cyclic extension [is] to DMT symbols, said cyclic extension comprising: 

a suffix which is greater than, or equal to, a channeFs propagation delay; and 

- a prefix which is greater than, or equal to, a guard time needed to eliminate inter- 
symbol interference. 

13. (Amended) A method as claimed in claim 11 [or 12], [characterised by] 
further comprising forming said pulse shaped wings as a raised cosine pulse. 

14. (Amended) A method as claimed in [any of claims 11 to 13] claim 11 , 

[characterised by] further comprising performing said pulse shaping at a transmitter after 

addition of a cyclic extension to a symbol and prior to digital to [analogue] analog 

conversion. 
476249.1 
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15. (Amended) A method as claimed in [any of claims 11 to 14] claim 11 , 
[characterised by] further comprising transmitting the same number of sub-carriers in both an 
upstream and down stream direction. 

16. Amended) A method as claimed in [any of claims 11 to 14] claim 11 , 
[characterised by] further comprising transmitting a different number of sub-carriers in the an 
up stream and down stream direction. 

REMARKS 

This is a preliminary amendment in which the claims have been amended to place 
them in better form before initial examination by the Examiner. Favorable action is hereby 
eamestly solicited. 



Respectfully submitted, 




^^arfiefH. Morris — 

R^No. 34,681 

WOLF, GREENFIELD & SACKS, P.C. 
600 Atlantic Avenue 
Boston, MA 02210-221 1 
Attorneys for Applicant(s) 
Tel.no, (617) 720-3500 
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Improvements in. or Relating to. VDSL 



The present invention relates to a method of using VDSL zipper duplex 
transmission in an unsynchronised mode, a system employing VDSL zipper duplex 
transmission, in an unsynchronised mode, over a common twisted pair cable, a 
transmission system employing the method, a receiver for use with the transmission 
system, a transmitter for use with the transmission system and a modem, 
incorporating a receiver and transmitter, for use with the transmission system. 

In our co-pending patent application WO 9706619, there is described a 
procedure for suppressing near-end crosstalk (NEXT) when using duplex 
communication, in twisted pair wire networks, in which different sub-carriers are 
used in the two transmission directions, and in which the subcarriers are orthogonal. 
Preferably a number of sub-carriers are transmitted in each transmission direction. 
Alternate sub-carriers are used in each direction. The number of sub-canriers used 
in one transmission direction may be greater than the number used in the other 
transmission direction. 

In our co-pending patent application, referenced above, the use of Zipper 
VDSL with time synchronization is described. The present invention complements 
the earlier invention, in that it enables VDSL Zipper duplex transmission, as 
described in our co-pending patent application, without time synchronization 
between different modem pairs over the same twisted copper pair cable, i,e. in the 
same binder group. 

Zipper is a time-synchronized frequency division duplex implementation of 
discrete multi tone (DMT) modulation. Two communicating Zipper modems 
transmit DMT symbols simultaneously with a common clock. The Zipper scheme 
implies that every canrier, in the total set of carriers in the DMT signal, is exclusively 
chosen to be used for either for the up-stream, or the down-stream, direction. 
When ail transmitters are time synchronized, the near end cross-talk (NEXT) and 
near end echoes, injected into the received signal, are orthogonal to the desired 
signal. To ensure the orthogonality between the signal and all the noise sources 



originating from DMT signals in the opposite direction, the guard time, with cyclic 
extension of the symbols between consecutive symbols, must be dimensioned for 
the maximum propagation delay of the channel. Further, the size of the guard time 
is minimised by applying timing advance. 

Several duplex VDSL systems may share the same twisted pair copper 
cable. Such systems are refered to as belonging to the same binder group, VDSL 
systems, using Zipper, which belong to the same binder group, are affected by line 
attenuation, near end echo and crosstalk. In known Zipper transmission systems, 
when timing advance is used, all transceivers, in a binding group, start the 
transmission of each frame at the same time. 

There are three types of signal that affect the length of the cyclic extension 
in each frame: 

the received signal; 

the echo signal caused by imperfect balance of the hybrid and 
impedance discontinuities in the line; and 

the NEXT signal. 

Orthogonality, between the received signal, the echo signal and the NEXT 
signal, is preserved if each sampled DMT symbol is disturbed by a single frame 
from each one of the near-end transmitters. Because of this, in order to preserve 
orthogonality, the cyclic extension has to be dimensioned to cover all impulse 
responses from the line, the echoes and the NEXT. 

However, in certain situations it may be difficult, for practical reasons, or 
otherwise undesirable, to provide and maintain time synchronization between all 
transmitters in the same binder group. It is therefore desirable to enable Zipper 
modems, if necessary, to operate in a non-synchronized mode. In other words, 
only pairwise synchronisation is maintained between a VTU-0 and VTU-R pair. The 
present invention provides this option for Zipper modems and systems employing 



Zipper modems. Thus, the present invention permits different users to transmit 
time asynchronous DMT frames in the same binder group. However, although this 
is always possible, a noticeable performance penalty can be expected in many 
situations because of increased NEXT, One way in which ttie present invention 
mitigates increased NEXT is by pulse shaping of DMT frames prior to transmission 
and providing additional pulse shaping at the receiver. Using pulse shaping at the 
transmitter has the additional advantage of higher suppression of the side lobes of 
the DMT spectrum. This increases spectral compatibility with other systems, such 
as, ADSL and CAP-VDSL. 

According to a first aspect of the present invention, there is provided a 
telecommunications transmission system using zipper having at least two VDSL 
systems, each comprising a pair of zipper modems, said at least two VDSL 
systems belonging to a binder group common to both VDSL systems, characterised 
in that said telecommunications transmission system is adapted to: 

handle zipper transmissions transmitted in said binder group; 

at least partly mitigate NEXT; and 

permit transmissions in a first VDSL system which are asynchronous 
with transmissions in at least a second VDSL system. 

DMT frames may be pulse shaped prior to transmission. 

Said pulse shaping may produces an improved suppression of side lobes 
of said DMTs spectrum. 

A cyclic extension may be added to DMT symbols, said cyclic extension 
comprising: 

a suffix which is greater than, or equal to. a channel's propagation 
delay; and 



-4. 



a prefix which is greater than, or equal to, a guard time needed to 
eliminate inter-symbol interference. 

Said pulse shaping may be produced by forming pulse shaped wings on a 
DMT frame in cyclic extensions of the DMT frame. 

5 Said pulse shaped wings may be in the fomi of a raised cosine pulse. 

Said pulse shaping may be performed at a transmitter, after addition of a 
cyclic prefix and cyclic suffix, to a symbol and prior to digital to analogue conversion. 

A DMT signal received by a receiver may be windowed to further reduce 

NEXT. 

10 Said windowing may be performed by: 

multiplying p samples at the beginning and end of a block of 2N+p 
samples; 

folding and adding p/2 samples from the beginning of the 2N+p 
block of samples to the end of the 2N remaining samples; and 

15 - folding and adding p/2 samples from the end of the 2N+p block of 

samples to the beginning of the 2N remaining samples. 

The same number of sub-carriers may be used for transmission in the up 
stream direction as are used for transmission in the down stream direction. 

A different number of sub-carriers may be used for transmission in the up 
20 stream and down stream directions. 

According to a second aspect of the present invention, there may be 
provided, in a telecommunications transmission system using zipper and having at 
least two VDSL systems, each comprising a pair of zipper modems, said at least 



two VDSL systems belonging to a single binder group common to both VDSL 
systems, a method of transmission characterised by permitting zipper transmissions 
of said first and, at least, said second VDSL transmission systems^ to be 
transmitted in said single binder group, where transmission in said first VDSL 
system are asynchronous with zipper transmission in said second VDSL system 
and in which the effects of NEXT are, at least partly, mitigated. 

DMT frames may be pulse shaped prior to transmission. 

Said pulse shaping may produce an improved suppression of side lobes of 
said DMTs spectrum. 

A cyclic extension may be added to DMT symbols, said cyclic extension 
comprising: 

a suffix which is greater than, or equal to, a channel's propagation 
delay; and 

a prefix which is greater than, or equal to, a guard time needed to 
eliminate inter-symbol interference. 

Pulse shaped wings may be formed on a DMT frame in the cyclic extensions 
of the DMT frame. 

Sard pulse shaped wings may be formed as a raised cosine pulse. 

Said pulse shaping may be performed at a transmitter after addition of a 
cyclic extension to a symbol and prior to digital to analogue conversion. 

A DMT signal received by a receiver may be windowed to further reduce 

NEXT. 

The following steps may be used to perform said windowing: 

multiplying jj samples at the beginning and end of a block of 2H-^\x 



samples; 



folding and adding \iI2 samples from the beginning of the 2N+p 
block of samples to the end of the 2N remaining samples; and 

folding and adding [x/2 samples from the end of the 2N+fi block of 
samples to the beginning of the 2N remaining samples. 

The same number of sub-carriers may be transmited in both an upstream 
and down stream direction. 

A different number of sub-carriers transmited in the up stream and down 
stream directions. 

According to a third aspect of the present invention, there is provided a 
transmitter, for use in a transmission system as set forth in any preceding 
paragraph, characterised in that said transmitter comprises an a b-bit buffer and 
encoder for receiving an input bit stream at a rate of R bit/s, a n-point IDFT 
processor for receiving an output from said b-bit buffer and encoder, extension 
means for adding a cyclic extension to an output of said IDFT processor, a pulse 
shaper for shaping a DMT symbol output from said extension means, and a digital 
to analogue converter and low pass filter for converting a DMT symbol received 
from said pulse shaper to analogue form and passing said DMT to a transmission 
channel. 

Said pulse shaper may form pulse shaped wings on said DMT symbol as 
raised cosine pulses. 

According to a fourth aspect of the present invention, there is provided a 
receiver, for use in a transmission system as set forth In any preceding paragraph, 
characterised in that said receiver includes an analogue to digital converter for 
digitising a DMT symbol received from a transmission channel, a windowing unit 
connected to an output of said analogue to digital converter, a stripper unit for 
removing cyclic extensions to said DMT symbol, an n-point DFT processor for 



receiving an output from said stripper unit, a frequency domain equalisation unit for 
receiving an output from said n-point DFT unit and decoder, and a b-bit buffer for 
receiving an output from said frequency domain equalisation unit and outputting a 
bit stream at R bit/s. 

Said windowing unit may perform the following operations: 

multiplying m samples at the beginning and end of a block of 2N+^ 
samples; 

folding and adding \i/2 samples from the beginning of the 2N+p 
bloci< of samples to the end of the 2N remaining samples; and 

folding and adding \if2 samples from the end of the block of 
samples to the beginning of the 2N remaining samples. 

According to a fifth aspect of the present invention, there is provided a 
modem, for use in a transmission system as set forth in any preceding paragraph, 
characterised in that said modem Includes a transmitter as set forth in any 
preceding paragraph. 

Said modem may Include a receiver, as set forth in any preceding 
paragraph. 

Embodiments of the invention will now be described, by way of example, 
with reference to the accompanying drawings, in v^riiich: 

Figure 1 illustrates the generation of interference signals, cross-talk and 
echo, that affect the orthogonality of Zipper. 

Figure 2 illustrates sampling, at the VTU-O side, of a received frame 
disturbed by frames from near end transmitters. 

Figure 3 illustrates a DMT transmitter/receiver pair for down-stream 



transmission, exemplifying symmetric communication where every second 
sub-carrier is used, respectively , for the up (u), and down-stream (d), 
directions. 

Figure 4 illustrates the frame fonnat for zipper. 

Figure 5 illustrates non-orthogonal NEXT. 

Figure 6 illustrates pulse shaping of the DMT frame. 

Figure 7 is a schematic illustration of the pulse shaping process in the 
transmitter and the windowing process in the receiver. 

Figure 8 illustrates windowing of a received DMT frame. 

Figure 9 illustrates asynchronous non-orthogonal NEXT with and without 
windowing and pulse shaping. 

To fully appreciate the operation of the present invention it is necessary to 
consider the invention disclosed in our earlier co-pending patent application WO 
9706619. As previously explained, the present invention enables Zipper to be used 
in a manner in which VDSL systems operating in the same binder group can 
operate without mutual synchronisation between each system. 

Zipper, as disclosed in our co-pending patent application WO 9706619, is 
a time-synchronized frequency-division duplex implementation of discrete muiti tone 
(DMT) modulation. Two communicating Zipper modems transmit DMT symbols 
simultaneously with a common dock. The Zipper scheme implies that every canrier, 
in the total set of carriers in the DMT signal, is selected for use in either the up- 
stream, or the down-stream, direction. When all transmitters are time synchronized, 
the near end cross-talk (NEXT) and near end echoes injected into the received 
signal, are orthogonal to the desired signal. To ensure that orthogonality is 
maintained between the signal and all the noise sources, originating from DMT 
signals in the opposite direction, the guard time with cyclic extension of the symbols, 
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between consecutive symbols, must be dimensioned for the maximum propagation 
delay of the channel. Further, the size of the guard time is minimized by applying 
timing advance. 



Figure 1 depicts how two VDSL systems, sharing the same cable, i.e. in the 
5 same binder group, are affected by line attenuation, near end echo and cross-talk. 

Sources of interference that can be identified include: 



echo generated within the hybrids and passed from the transmitters 
to the receivers; 

NEXT which passes between the transmitter - receiver pairs at the 
10 near end; and 



FEXT which passes between the transmitter - receiver pairs at the 
far end and is transmitted over the full cable length. 



When timing advance is used, all transceivers start the transmission of each 
frame at the same time. There are three types of signals that affect the length of 
15 the cyclic extension in each frame: the received signal, the echo-signal due to 

imperfect balance of the hybrid and impedance discontinuities in the line, and finally 
the NEXT signal. Figure 2 shows sampling at the VTU-0 side of received frame 
disturbed by frames from near-end transmitters. 



As can be seen from Figure 2, the orthogonality between the desired part 
20 of the received signal and the disturbances {interference signals) is preserved if 

each sampled DMT symbol is disturbed by a single frame from each one of the 
near-end transmitters. As a consequence, to preserve orthogonality, the cyclic 
extension has to be dimensioned to cover alt impulse responses from the line, the 
echoes, and the NEXT. 



25 The management of the capacity split between up-stream and down-stream 

is performed by assigning individual carriers for both directions. For example, if a 
fully symmetric service is required, sub-carriers with even indices can be assigned 
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to the up-stream and sub-carriers with odd indices can be assigned to the down- 
stream. Similarly, for an asymmetric 8:1 split, each ninth carrier can be assigned 
to the up-stream and the other carriers assigned to the down-stream. However, 
for the sake of spectral compatibility with other existing and future systems, 
operating on the same cable, alternative carrier assignments can be used. 

The transmission and reception of symbols is perfomied simultaneously at 
both ends by the VTU-0 and by the VTU-R. For down-stream transmission the bit 
stream is encoded by the VTU-0 transmitter into a set of quadrature amplitude 
modulated (QAM) sut>-symbols, where each QAM sub-symbol represents a number 
of bits determined by the signai-to-noise ratio (SNR) of its associated down-stream 
sub-channel, the desired overall error probability, and the target bit rate. The set 
of sub-symbols is then input, as a block, to a complex-to-real discrete Fourier 
transform (IDFT) processor, see Figure 3. Following the IDFT, a cyclic prefix is 
added to the output samples to eliminate Intersymboi interference, and a cyclic 
suffix is appended to the output samples to maintain orthogonality between the 
desired signal and near-end distorting signals. The result is then converted from 
digital to analog format and applied to the channel. 

Thus, the input bit stream, see Figure 3, enters a b-bit buffer and encoder, 
from which its is passed to the N-point IDFT processor and thence to the cyclic 
extension adder. Following which the signal is passed via the DAC and lowpass 
filter to the channel. 

At the VTU-R receiver, after analog-to-digital conversion, the cyclic prefix 
and suffix are stripped, and the samples are transformed back to the frequency 
domain by a DFT. Each output value used for down-stream transmission is then 
scaled by a single complex number to compensate for the magnitude and the 
phase of each down-stream sub-channel's attenuation, and a detector decodes the 
resulting symbols. The multiplication with this set of complex numbers, one per 
down-stream sub-channel, is called frequency-domain equalization (FEQ). Figure 
3 shows a block diagram of a DMT transmitter and receiver pair, assuming a 
noiseless channel. 



In the steady-state, the subchannel SNRs are monitored in a data-driven 
manner by the VTU-R during down-stream symbol periods, and the bit distribution 
is modified, as necessary, at the VTU-0, to optimize system performance. Upon 
detecting a degradation, or improvement, in one, or more, sut)-channei SNRs, the 
VTU-R computes a modified bit distribution that better meets the desired error 
performance. Depending on the SNR of a degraded sub-channei, some, or all, of 
its bits may be moved, via a bit swap algorithm, to one, or more, other sub-channels 
that can support additional bits. The bit distribution change is reported to the VTU- 
O, where it is implemented. 

For up-stream transmission, the roles of the VTU-0 and VTU-R are 
reversed, that is, transmission and reception are performed on the up-stream set 
of sub-channels and the operations described above are the same. 

The frequency range from zero to 1 1,04 MHZ is partitioned into 2,048 sub- 
channels. The Nyquist canrier (sub-channei 2,048) and the dc carrier (sub-channel 
0) are not be used for data. 

Transmission may occur on up to 2047 sub-camers, although those sub- 
can-iers overiapping the POTS. ISDN, and amateur radio frequency bands are 
typically not used in the default configuration. The lowest sub-channel available to 
support data transmission is dependent on the POTS/ISDN splitter design. 

The frame format for Zipper comprises two parts, namely: 

the DMT symbol; and 

the cyclic extension. 

Orthogonality is maintained between the received signal and interfering DMT 
signals transmitted in the opposite direction, if they are sufficiently aligned in time. 
This requirement is fulfilled by the addition of a cyclic extension to the DMT symbol 
and the use of timing advance (TA), For the ease of description, the cyclic 
extension can be divided into a cyclic prefix and a cyclic suffix, where: 
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the suffix is greater than, or equal to, the propagation delay of the 
channel; and 

the prefix is greater than, or equal to, the guard time needed to 
eliminate inter-symbol interference. 

5 Figure 4 illustrates the frame format for zipper 

When timing advance is used all transmitters commence transmission at the 
same time. The suffix part of the cyclic extension can be treated as an extra guard 
time required to maintain orthogonality between the up and down-stream channels 
along Ihe wire line. To fulfil the orthogonality requirement at the receiver, the cyclic 
10 extension (prefix + suffix) must also cover the impulse response of the NEXT and 

the echo signal. 

The first samples of the IDFT output are appended to the block of 4096 
time-domain samples X;^ . The last L^p samples of the IDFT output are prepended 
to the block. The frame of samples is then read out to the digital-to-analog 
15 converter (DAC), see Figure 3, in sequence. That is, the subscripts k of the DAC 

samples in the sequence are (4096-L^), ,,.,4095,0,1,... 4094 A 1,...(Lcs- 1). 

The length of the cyclic extension (L^p and L^) is typically a programmable 
entity set by the network operator. 

in order to maximize high duplex efficiency, timing advance can be used so 
20 that the VTU-0 transmitters and the VTU-R transmitters start transmitting each 

DMT frame at the same time. During the reception, a DMT symbol is only disturbed 
by single symbols, not affected by IF!, in the other direction due to the cyclic 
extension. 

Zipper is a duplexing scheme based on the Discrete Multitone Modulation 
25 (DMT) tine-coding technique and was invented at Telia Research in 1995. A patent 

application, SE 952775 (con-esponding to WO9706619) was filed on 4*^ August 
1995. 
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in certain situations, it may be difficult for practical reasons, or it may be 
undesirable, to provide and maintain time synchronization between all transmitters 
in tlie same binder group. It is therefore desirable to provide an option for Zipper 
modems which enables them to operate in a non-synchronized mode, where only 
5 painvise synchronization is maintained between a VTU-0 and VTU-R pair. Thus, 

the present invention allows different users to transmit time-asynchronous DMT 
frames in the same binder group. However, although this is always possible, a 
noticeable performance penalty, due to increased NEXT, is to be expected in many 
situations. One possible method of mitigating this is to use pulse shaping of the 
1 0 DMT frames prior to transmission and additional pulse shaping in the receiver. The 

use of pulse shaping at the transmitter results in a higher suppression of the side 
iobes of the DMT signal spectrum and gives higher spectral compatibility with other 
systems, for example, ADSL and CAP-VDSL. 

When different pairs of transceivers (modems) operating in the same binder 
15 group are asynchronous, interference from NEXT wiii be introduced, because, the 

NEXT becomes non-orthogonal and therefore degrades the perfomiance. The 
reason for the NEXT becoming non-orthogonal is that the received and sampled 
DMT frame will include NEXT from two consecutive DMT frames which are 
discontinuous, as depicted in Figure 5. 

20 In order to be able to operate in a non-synchronized mode it is necessary 

to suppress the NEXT by narrowing its out-of-band spectrum which Interferes with 
the spectrum of the received signal. This can be effected by pulse shaping the 
DMT frame before transmission. 

Pulse shaping a DMT frame is performed by forming pulse-shaped wings, 
25 e,g, from a raised cosine pulse, in the cyclic extensions of the frame as shown in 

Figure 6. 



With pulse shaping a continuous phase is created between succeeding 
frames which suppresses the NEXT-interfering sub-carriers' side lobes. 



.14- 

The pulse shaping operation is perfomied at the transmitter after the cyclic 
extension is added to the symbol and before the digital to analog conversion (DAC) 
is perfomied. The position of the pulse shaping unit is depicted in Figure 7 which 
shows a block diagram of a transceiver/modem according to the present invention, 
5 The construction and operation of a VDSL modem will be immediately apparent to 

those skilled in the art from. Figure 7, without further explanation. However, for the 
sake of completeness a brief description of Figure 7 is set out below. 



The transmitter ami of the modem is shown at the top of Figure 7. The input 
bit stream, at Rbits/s, is passed to a n-bit buffer and encoder from whence a parallel 

10 signal, Xd^ XUj^j^ = 0 Xd^.^ j^, Xu^^k = 0. is passed to an n-point IDFT processor. 

The output from the IDFT processor, x^ j^, Xj^^ x^^^, is then passed to a unit, PIS, 

where the cyclic extensions, both prefix and suffix, are added to the DMT symbol. 
The DMT symbol with cyclic extensions then passes to a pulse shaping unit where 
the pulse is shaped as described above. The DMT symbol is then passed to a 

15 digital to analogue convenor and low pass filter and thence to the transmission 

channel. 



The receiver arm of the modem is shown at the bottom of Figure 7. An 
incoming signal from the channel is first passed, via a low pass filter and analogue 
to digital converter, to a windowing unit, see below for further details. The symbols 

20 are then passed to a stripper unit which strips off the cyclic extensions, both prefix 

and suffix, and thence, as a signal y,^, y2.}^ y^^^ to a n-point DFT processor. 

The signal, Yd^^, Yu2.k Ydi^.^M^ Yu„,i<. is then passed to a frequency domain 

equaliser. FEQ, see the description of Figure 3. and thence to a decoder and n-bit 
buffer, as a signal Xd^ j^. Xu2,^ ^^^h-^m^ Xu^^.k* which outputs the received data 

25 stream at R bits/s. 



Windowing the received DMT frame, as shown in Figure 8, further 
suppresses the non-orthogonal NEXT. The windowing is perfomaed by multiplying 
y samples, at both the beginning and end of the 2N+p block of samples. The p/2 
30 samples from both ends are folded and added to the 2N remaining block of 

samples at the opposite ends as shown in Figure 8. As with the pulse shaping of 
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the DMT frames in the transmitter, the windowing in the receiver creates a 
continuous phase of the non orthogonal NEXT signals. The positioning of the 
windowing is shown in Figure 8. 

Figure 9 shows the combined effect, on the non-orthogonal NEXT, of pulse 
shaping the DMT-frame in the transmitter and windowing the received frame in the 
receiver. Figure 9 also shows the signal energy, the NEXT reference signal without 
pulse-shaping and windowing, the NEXT signal after pulse-shaping and windowing 
and the FEXT signal at each sub-carrier. As seen in the figure, more than 25 
dBm/Hz further suppression can be obtained by both pulse shaping and windowing. 
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CLAIMS 

1. A telecommunications transmission system having at least two VDSL 
systems, each comprising a pair of modems, said at least two VDSL 
systems belonging to a binder group common to both VDSL systems, 
characterised in that 

- a transmitter in a first modem in a pair of modem including 

a extension means (P/S) for cyklic extension of a DMT- 
symbol by way of adding a prefix or a suffix, 

a pulse shaper means, adapted to puiseshape sidelobes of a 
cyclic extended DMT-symbol, and futher 

- a receiver in a second modem in a pair of modem including 

windowing means adapted to multiplying samples at the 
beginning and end of a block of 2N+]i samples; folding and 
adding u/2 samples from the beginning of the 2N+U block of 
samples to the end of the 2N remaining samples; and folding 
and adding u/2 samples from the end of the 2N4-P block of 
samples to the beginning of the 2N remaining samples. 

a stripping means (s/p) for removing said cyclic extension 
from a DTM-symboi. 

2. A telecommunications system, as claimed in claim 1, characterised in 
that said modem is a Zippermodem. 

3. A telecommunications system as claimed in claim 1 , characterised 
in that said cyclic extension comprising; 

a suffix which is greater than, or equal to, a channel's 
propagation delay; and 

a prefix which is greater than, or equal to, a guard time 
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needed to eliminate inter-symbol interference. 

4. A telecommunications system, as claimed in any previous claim, 
characterised in that said pulse shaped wings are in the form of a raised 
cosine pulse. 

5. A telecommunications system, as claimed in any previous claim, 
characterised in that the same number of sub-carriers are used for 
transmission in the up stream direction as are used for transmission in the 
down stream direction. 

6. A telecommunications system, as claimed in any of claims 1 to 4, 
characterised in that a different number of sub-carriers are used for 
transmission in the up stream and down stream directions. 

7. A telecommunications system, as claimed in any previous claim, 
characterised in that said transmitter comprises an a b-bit buffer and 
encoder for receiving an input bit stream at a rate of R bit/s, a n-point IDFT 
processor for receiving an output from said b-bit buffer and encoder, 
extension means for adding a cyclic extension to an output of said IDFT 
processor, a pulse shaper for shaping a DMT symbol output from said 
extension means, and a digital to analogue converter and low pass filter for 
converting a DMT symbol received from said pulse shaper to analogue 
form and passing said DMT to a transmission channel. 

8. A telecommunications system, as claimed in any previous claim, 
characterised in that said receiver includes an analogue to digital converter 
for digitising a DMT symbol received from a transmission channel, a 
windowing unit connected to an output of said analogue to digital converter, 
a stripper unit for removing cyclic extensions to said DMT symbol, an n- 
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point DFT processor for receiving an output from said stripper unit, a 
frequency domain equalisation unit for receiving an output from said n-point 
DFT unit and decoder, and a b-bit buffer for receiving an output from said 
frequency domain equalisation unit and outputting a bit stream at R bit/s. 

9. A modem for use in a transmission system as claimed in any of claims 
1-6, characterised in that said modem includes a transmitter as claimed in 
claim 7. 

10. A modem as claimed in claims 9, characterised in that said modem 
includes a receiver as claimed in claim 8. 

1 1 . A method in a telecommunication system having at least two VDSL 
systems adapted to asynchronous transmit DTM-symbols between each 
pair of modem having at least two VDSL systems, each comprising a pair 
of modems, said at least two VDSL systems belonging to a binder group 
common to both VDSL systems, characterised by the step of 

- in a transmitter in a first modem in a pair of modem 

cyclic extend a DTM-symbol by way of adding a prefix and a 
suffix; 

pulse shaping side lobes of the cyclic extended DMT-symbol; 

transmit the cyclic extended and pulse shaped DMT-symbol 
to a transmission channel: 

- and in a receiver in a second modem in the pair of modem 

windowing the DTM-symbol which transmits on the 
transmissionchannel by way of multiplying y samples at the 
beginning and end of a block of 2N+u samples; folding and 
adding p/2 samples from the beginning of the 2N-fU block of 
samples to the end of the 2N remaining samples; and folding 
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and adding ]xl2 samples from the end of the 2N+u block of 
samples to the beginning of the 2N remaining samples, and 
removing said cyclic extension from a DTM-symbol. 

12. A method, as claimed in claim 11 characterised by adding a cyclic 
extension is to DMT symbols, said cyclic extension comprising: 

a suffix which is greater than, or equal to, a channel's 
propagation delay; and 

a prefix which is greater than, or equal to, a guard time 
needed to eliminate inter-symbol interference. 

13. A method as claimed in claim 11 or 12, characterised by forming 
said pulse shaped wings as a raised cosine pulse. 

14. A method as claimed in any of claims 11 to 13, characterised by 
performing said pulse shaping at a transmitter after addition of a cyclic 
extension to a symbol and prior to digital to analogue conversion. 

15. A method as claimed in any of claims 11 to 14, characterised by 
transmitting the same number of sub-carriers in both an upstream and 
down stream direction. 

16. A method, as claimed in any of claims 11 to 14, characterised by 
transmitting a different number of sub-carriers in the up stream and down 
stream directions. 



ABSTRACT 
Improvements ?n, or Relating to. VDSL 



Zipper is a time^synchronized frequency-division duplex implementation of discrete 
multi tone (DMT) modulation. Two communicating Zipper modems transmit DMT 
symbols simultaneously with a common clock. The Zipper scheme implies that 
every canrier. in the total set of carriers in the DMT signal, is exclusively chosen to 
be used for either the up-stream or the down-stream direction. When all transmitters 
are time synchronized, the near end cross-talk (NEXT) and near end echoes 
injected into the received signal are orthogonal to the desired signal. 

The present invention provides s telecommunications transmission system using 
zipper and having at least two VDSL systems. Each of VDSL system comprises 
a pair of zipper modems communicating over a cable transmission path. The two 
VDSL systems employing a common cable. The telecommunications transmission 
system is adapted to: 

handle zipper transmissions transmitted over the common cable; 

at least partly mitigate NEXT; and 

pennit transmissions in a first VDSL system which are asynchronous 
with transmissions in a second VDSL system. 
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Declaration and Power of Attorney for Patent AppKcation 
Declaration et Pouvoirs pour Demande de Brevet 

French Language Declaration 



EQtant quel%vaateurmnmied-apies,jedecla^ acte 
que: 

Mon domidle^ mon adressepostale, et ma nadonalite sont ceux figurant 
d-dessous a cote de mon nomL 

Je oois ^ le pnmia: invaiteur original €t unique (si un sed nom est 
maitionne d-dessous), ou Tun des F9:^as co-invoiteuts originaux (si 
plusieurs noms sont mentionnes d-<iessous) de Tobjet revaidique, pour 
lequd une demande de bievet a ^ dqx>see concanant rinvaition 
indtulee: 

IMPROVEMENTS IN, ORREIATING TO, VDSL 



et dont la description est foumie d-joint a moins que la case suivante 
n'aitdecodiee: 

aeted^x)seele_18aout2000_sous le 

numoD de demande des Etats-Unis ou le numeto de 
demande intonational 09/622323 

□ les^)edficationspoitantledossierderavocat 

numeio . 



As a bdow named invaitor, I hexdjy declare tot 



My residence;, post ofSce address and citizen^ are as stated nesct 
Id my name 

I beJieve I am the original, first and sole inventor (if only one name 
is listed bdow) or an original, first and joint inventor (if plural 
names are listed bdow) of liie subject matter \\4iidi is claimed and 
for ^\dndi apatait is sou^onlhe invention enlitied 

IMPROVEMENTS IN, ORRELATING TO, VDSL 

the ^)edflcation of vMdi is attached hereto unl^ one of Ihe 
followingboxes is diedced: 

l« wasfiledon 18AUGUST2000 

as IMed States Application Numbo: or International 
Number 09/622,523 

□ lhe^)edfica^ionof^\hidlbearsattQmey 
dodcet No. 



etmodifieele 

(lecasecheant). 

Jedeclareparlepiesaitacteavoirpasseairevaieet compis le contem 
de la description d-dessus, revaidications composes, teiles que 
modifieespartoute modification dontil aura eteMiefteiced-dessus. 

Je reconnais devoir divulgua: toute information peitinaite a la 
brev€iabi]it4 commedefini dans leTifte 37, §1.56 du Code fedaal des 
r^anenlations. 



and was amended on 

(if^licable). 

I heKby state that I have reviewed and understand Ihe contend 
the aboveidentified specification, indudingihe daims, as amended 
by any amendment refaied to above. 

I adcnovsdedgetheduty to disclose information whidi is maloial to 
palaitability as defined in Titie 37, Code of Feda:al Regulations, 
§1.56. 
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French Language Dedaralion 



Je leveridique par b pieseiit acte avoir k priori^ 

35, §119(aK4) ou § 365(b) du Code des Etats-Ufais, sur toute demande 

to3g€iedetevetoucalijQcatd%\o]^ § 365(a) 

du m&Qe Code, sur toute demande intoationale PCX de^gqant au moins 

un pays autie que les Etats-IMs et figumt d-dessous d, eQ 

j 'ai aussi indique d-dessous toute demande tongeie de hsv^ tout ceiti&at 

d'inventm' ou toute danande internatioaale PCT ayant une date de dq)6t 

pnecedant ceUe de la demande a piopos de laqudle xme priorite est 

levQsdiquee. 



Prior foidga ^5plicadan(s) 
DQDQaiide(s) detevet 
FCT/SE99/Q0210 



:s) 



PCT 



(Number) 
(Numot)) 

9800539-4) 



(Countiy) 
(Pays) 



SWEDEN 



(NTumba:) 
(Ntoeio) 



(Countiy) 
(Pays) 



I beid3y daim fofldgQ pioi% under T3t]e 35, 

{(S) or §365(b) of aii^ fetdgn ^lkaliocs(s) for patent or inventor's 

catificate, or § 365(a) of ai^ PCT litemational plication a;^^^ 

at least ooe countiy oto to 1iie Ijyted States, listed b^ 

identified bdow, by diedang tbe box, any for^ application for patent or 

inventor's certificate, or PCT Monational application having a filing date 

before that of tbe plication oa vMdi ptiority is dainaed: 



Priority not claimed 
Droit de priorite nonievendique 
17 FEBRUARY 1999 
(Day/MonftVYear Filed) 
(JouiMois/Anneededqwt) 

21 FEBRUARY 1998 

(Day/MontivYearFiled) 
( JourMods/Amee de dq»t) 
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SWEDEN 



(Number) 
(Numem) 



(Countiy) 
(Pays) 



Jeievendique par leprcsaatacte tout baKfioe,aiver^ Titie35 §119(e) 
du Code des Etats-tfais, de toute demande de btEv^ provisoiie eff^^ 
Rats-lMs et figurant d-<3essous. 



(./^licadonNo.) 
(N^dedmiande) 

(ApplicadonNo. ) 
^de demande) 



(Filing Dale) 
(Dateded^t) 



(Filing Date) 
Pateded^t) 



Jeie\^que par bptesa3tacte;,le benefice, en veituduTiti^ § 120du 
Code des Etats-Ubis, de toute demande de tevet efiectuee aux Bats-lMs, 
ou en vertu du Titie 35, §365(c) du mtoe Code, de toute demande 
intanationalePCTdesignamlesEtats-lMs et figurant d-<fcssous d, dans la 
mesure ou Folget de dBCune des revendcations de cette 
n'est pas divdgue dans la donande antaieure americaine ou intemationale 
PCT, Qiveitu des dispositions dupa:eniierparagj:ap^ § 112 du 

Code des Etats-Uins, je iBcarmais devoir divulguer toute infonnation 
potinentealahevetakfit^comnaedefinidansbTte § 1,56 du Code 
Fedoal des x^onaatations, dam j 'ai pu dsposa: enlre k 
clpmarvte antaiaD:e et la date de depot de la demande nationak ou 
intemationale PCT de la pa^esente demande; 



1 APRIL 1998 r-| 

(Day/Monlii/YearFiletft 
(JouiMoisAnnee de dq)6t) 

Ihetd]ydaim1iiebenefitunderTitie35,lMedStatesCode, § n9(e)ofan^ 
iMed States pK)\daaaal applicatian(s) listedbdow. 



I hetd^ydaimtebanefit under Tifle 35, IMted States Code, §120ofary 
IMed States ^lication{s) or § 365(c) of any PCT international 
^lication(s) designating tie IMed States, listed bdow and, insofer as fee 
sulgect matter of eadi of Ibe claims of liiis afplication is not disclosed in tbe 
prior IMed Slates or PCT Memational application in &e manner provided 
by tbe fiist par^r;^ of Titie 35, XMed States Code, §112, 1 ackno\\decfee 
file duly to disclose information \^4udi is material to patent^ility as defined 
in Titie 37, Code of Federal Regulations, §1.56 \Mdi became available 
bdween tiie filing date of tbe prior application and tbe national or PCT 
Memational filing date of this application: 



(i^licationNo.) 
(ISPdeDanande) 

(.^^licationNo.) 
(N^deDonande) 



(Filing Date) 
(DatedeDq»t) 



(Fdir^Date) 
(DatedeDqwt) 



Je dedare par le present acte que toute dedaiation d-induse est, a ma 
connaissance, vmdique dc que toute dedaration foimulee a partir de 
laiseignemaits ou de si?^sitions est tenue pour vaidiqu^, et de plus, que 
toutes ces dedarations cot ete fonnulees m sadiant que toute ^usse 
dedaration vobntaire ou son equivalent est passible d'une amende ou d'une 
incarcaationjOu des deux, aavaludek Section 1001 du litre 18 du Code 
des Etats-lliis, et que de telles declarations volontairanent feusses risquent 
de conipaDmeftie k validite de k demande de tevet ou du btevet d 
partir decelle-d. 



(Status)(Patented, pending abandonee^) 
(Slatut)(bievd4 encours d'examen, abandonne) 



(Status)(Patented, pending abandonecB 
(Statut)(brevete, en cours d'examen, abandonne) 

I had^y dedare tbat all stalanents made betdn of my own knowledge ate 
true and that all statements made on information arxi belief are bdieved to be 
true; and fiirte that these statenoents weie made witii tbe knowlecfee that 
willfijl &lse statanents and Ibe like so made are punishable by fine or 
inpisonmait, or both, undo: Section 1001 of Titie 18 of tiie IMed Stales 
Code and tiiat sudi wilM Slse statemaits nmy jeopardize file valk^ 
aipUcation or arry patoat issued tiieieoa 
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JeffieyRPowos 

AlanW.Sfe^ 

Danki P. MdjOighKn 

RobeatHWalat 

nMnasG.fidd 

Mdiad X Pomianek 

MEtedLawtenoe 

Theodote E Galanfli^ 



. 24,122 
34^5" 



Roboia NfoCutcieoti 



38,717 



S«id cottE^xjnciaioe to: 

James H Manis 
"\CTr^E^ ^&Sad<^P.C, 
' gg deiGailR es ayei^aS"^ ^ 

60QAflai]^^aE^Bosbn>MA Q221fr-2211gJSA) 



(Nbmetmimemde tel^^ne) 



JamesHMyms 
(617)720-3500 



DaEctTeJgiioneCMsto:(nameand^e{^^ 




Nom con^let de rumque ou jmrno: invaiteur 



/J 



Domicdle 



Nalionalite 



Full name of sole or first inventor 
KAKSSONJMHl^ 



S-973 42 LULEA, SWEDEN c 



Citizaidi^ 
Swedish 



AdressePostale 



Post Qfi&ce Address 
Borgmastarev^n 7 



Nom con^letdu second co-invQiteur, lecas edieant 




Full name of second or joint inventor 



Signature de Tinventeur 



Date 



Inventor^^ signature 



Date 



Domicile 



Residence 



/ 



Nationalite 



S-977 SmjOLEA, SWEDEN^^^^ 



Citizenshq) 
Swe<fish 



AdressePostale 



Post Office Address 
Forskarevagen 36 A 
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Frendi Lai^qage Dedaration 






Nomcoii5)letderi3niqueoup9Taiii€rinveist^ > _ 

/i 'a 7\ 

W 

^ — 


Full name of sole or first inventor 




SigDaturederinventeur Date 


Mventofssigpature Date 




Domidle 


Resicknce ^ 
S-977 53jmUBA, SWEDEN ^^gj/ 




Nalionalite 


Citizen^i^) 
Swedish 


- 


AdressePostale 


Post Office Address 
Forskarev^n 31 A 


Nom coiiq>let de Funique ou pnamo- inventeur . 


; Full name of sole or first inventor 




Sigoaturederinvaiteur Date ^ 


]nveDljM^sigi:^toeu-' Date 




Domicile 






Nadonalite 


Citizen^iq) 
Swedish 




AdressePostale 


Post Office Address 




Nom complet du seooiid co-inventeur, le cas edieant _ 
~ c — ^ 


Full name of second or joint inventor 




Signature deFinvaiteur Date 


Mventof s sigqatune , . Date 




Domidle 


Residaice 

S-973 32 LULEA, SWEDEN^^^^ 




Nalionalite 


Citizendaip 
Swedish 




AdressePostale 


Post Office Address 
Ii)ngonstigeii30 
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Frendi Lai^uage Dedaration 








5^iill name of sole or first inventor 
^AHLENBERCLGuimar. 




SignaJuiederinveiiteur Dale 


loventofssigqature || Date 




Domidle 


Residence ^ ^ 
S-97632 LULEA, SWEDETf^J^^ 




NationaH^ 


Swedish 




AdcessePostale 


Post Office Address 
mdv^n234 




NomconipletdusecoiKico-invaitai^^ tjj^jj 


Full name of second or joint inventor 
JOHANSSON^^g 




Signattjrederinvaaleur Date 


Mventor'ssigpature Date 




Domicile 


Residence 

S-972 41 LULEA, SWEDEN^, 




Nationalite 


Citizendiq) 
Swedish 




AdressePostale 


Post QflQce Address 
limmennaiisgatan 34 


Nom coii5)l€t de Funique oupimuarinventeur ^ 


FuU name of sole or first invaitor 
OUSSONLennart^ 




Signature derinventeur Date 


fiivenlDr'ssigpattire Date 




DomiciLe 


Residaxe 

s-973 31 ^msm^^^l^ 




Nationalite 


Citizensh^) 
Swedish 




AdressePostale 


Post Office Address 
M^v^en39 
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FrendiLaiigii^Dedaration 






Nomcon]pld:dusecoidco-invent)eu^^ ^ jpl 

i 


Tull name of second or joint invaitor 




SigDaturederinventeur Date 


Ihvaato^^gDature Date 




Domicile 


Residence 

S-97441LW^ SWEDEN^^^ 




Nationalite 


CitizendiQ) 
Swedish 




AdressePostale 


Post Ofiftce Address 
Hag^dan? 
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